Intracellular fusidic acid concentrations are 40 to 100% extracellular concentrations (3) . Its spectrum of activity is confined primarily to gram-positive bacteria, with most gram-negative bacteria being completely resistant (26) . Recent reports (17, 25) noted in vitro activity against Mycobacterium tuberculosis at 16 to 64 jig/ml and, in combination with ethambutol, against some Mycobacterium avium complex strains.
In vitro screening for drugs active against the uncultivable leprosy bacillus can be performed by radiorespirometric analysis of viable Mycobacterium leprae freshly harvested from nude mice (5) (6) (7) (9) (10) (11) (12) . In vitro systems have many advantages over the traditional mouse footpad system (22) , especially with regard to time, expense, quantity of drug required, and independence of mouse pharmacokinetics. Here we report on the use of radiorespirometry to examine the activity of fusidic acid in both extracellular and intracellular M. leprae.
MATERIALS AND METHODS
M. leprae. M. leprae was harvested from the footpads of infected nude mice and partially purified by differential centrifugation as previously described (11 transferred to wells containing 0.4 ml of 0.1 N NaOH to lyse macrophages and release intracellular M. leprae. After 5 min at room temperature, 0.3 ml of the bacterial suspension was transferred to 4 ml of 7H12 medium adjusted to pH 5.8 (with citric acid) and containing 1 ,uCi of [1-_4C]palmitic acid (58 mCi/mmol; New England Nuclear Corp., Boston, Mass.) per ml in 6-ml screw-cap "shorty vials" (Wheaton Scientific, Millville, N.J.). The low-pH medium obviated the need for prior neutralization of the alkaline macrophage lysate and resulted in a final medium pH of approximately 6.5. The loosely capped vials were placed within tightly capped wide-mouth scintillation vials (Poly-Q; Beckman Instruments, Brea, Calif.) containing a strip (2 by 4 cm) of Whatman no. 42 filter paper which had previously been saturated with a mixture of 20 ml of Liquiflour (New England Nuclear), 15 g of 2,5-diphenyloxazole, 5 ml of Triton X-100, and 5 ml of 2 N NaOH (in methanol) and dried overnight (2). The double-vial assemblies were incubated at 33°C, and cumulative evolved 14CO2 was measured daily for 1 
RESULTS
Fusidic acid effected a clear dose-dependent inhibition of metabolic activity in both extracellular (Fig. 1) and intracellular (Fig. 2) reduction in activity. At the high dose of 20 ,ug/ml, the activities of extracellular and intracellular bacilli were 26 and 12% those of drug-free controls, respectively. Replicate experiments (two for extracellular and one for intracellular bacilli) confirmed these results (data not shown). In addition, activity against extracellular M. leprae, as determined by the phenolic glycolipid-1 synthesis assay (16) , was observed at 0.2 to 2.0 p.g/ml (data not shown).
DISCUSSION
We have previously demonstrated the utility of radiorespirometry in evaluating the in vitro activities of a variety of macrolides (9), fluoroquinolones (11), phenazines (10, 12) , and aminoglycosides, lincosamides, and rifamycins (7) against M. leprae in axenic media with either a Buddemeyertype detection system (5) or the BACTEC 460 instrument (6) as a means of assessing drug activity in the absence of bacterial multiplication. We and our colleagues have also used assays quantitating phenolic glycolipid-1 synthesis and adenosine triphosphate concentration (8) as indices of drug activity against both extracellular (16) and intracellular (20) M. leprae. However, the sensitivity, reproducibility, and automated nature of the radiorespirometric systems have resulted in their becoming the primary indices of M. Ieprae viability in our laboratory. We recently reported on the use of radiorespirometry in monitoring the effect of macrophage activation on the viability of M. leprae (1, 19) . The present report is the first to use this method to study drug activity against intracellular M. leprae and to study the activity of a single drug both intracellularly and extracellularly. The roughly equal activity of fusidic acid against both intracellu- (6, 7, 11) . Conversely, the Buddemeyer-type detection system is more sensitive (because of the amplification of the signal in the liquid scintillation counting system), and we often find it more useful when working with macrophage-resident (1, 19) or biopsy-derived M. leprae. The in vitro activity of fusidic acid against M. Ieprae approximates or is superior to that previously found with proven agents, such as rifampin (5-7) and ofloxacin (11) , and with clarithromycin (6, 9), minocycline (6), and sparfloxacin (11), drugs active against M. -leprae in vivo and now in leprosy clinical trials. The above-listed agents effect a significant reduction in the radiorespirometric activity of M. leprae at concentrations ranging from 0.031 to 0.5 ,ug/ml. Traditional single doses of these drugs typically result in maximum concentrations in plasma of 1.5 to 10 pLgiml, which are markedly lower than that obtained with fusidic acid (33 Rg/ml [24] ). This high ratio of maximum concentration in plasma to in vitro minimal effective concentration suggests potential clinical efficacy in leprosy. In addition, fusidic acid, which inhibits bacterial protein synthesis by binding to elongation factor G, may act synergistically with rifampin (4), a highly bactericidal antileprosy drug. Finally, the drug is also available in a topical formulation (13) , offering the possibility of an additional mode of administration in leprosy.
We are unaware of any existing reports on the activity of fusidic acid against M. leprae. However, in marked contrast to the complete absorption that occurs upon oral dosing in humans (24) , very low levels of fusidic acid in blood are obtained in mice (14) , possibly precluding the detection of activity in the traditional mouse footpad model (22) .
Fusidic acid is a remarkably safe, thermostable (18) , orally administered antibiotic with excellent pharmacokinetics and in vitro activity against intracellular and extracellular M. leprae. A clinical trial of this drug for leprosy is warranted.
